trials and other studies have demonstrated that periconceptional folic acid supplements reduce the risk of neural tube defects. [1] [2] [3] [4] [5] To our knowledge, none of the trials have followed up their sample to investigate whether these supplements have effects on neurodevelopment that are only manifest after birth. Animal and some human studies have shown the importance of folate for cell proliferation, 6 central nervous system cell repair, 7 and appropriate epigenetic expression of the genome. 8 , 9 Thus, folic acid supplement use in relation to child neurodevelopment requires investigation.
We used the prospective Norwegian Mother and Child Cohort Study (Norwegian: Den norske mor & barn-undersøkelsen [MoBa] ) to investigate whether maternal use of folic acid supplements was associated with a reduced risk of severe language delay among offspring. Unlike the United States, Norway does not fortify foods with folic acid, increasing the contrast in relative folate status between women who do and do not take folic acid supplements.
METHODS

Study Population
MoBa is a prospective pregnancy cohort that has been described in detail elsewhere. 10 Pregnant women from Norway were recruited to the study through a postal invitation in connection with the routine ultrasound examination offered to all pregnant women at their local hospital around gestational week 17. During the period of recruitment between 1999 and December 2008, 108 841 pregnant women enrolled in the study, with a participation rate of 38.5% (http://www.fhi .no/moba-en). Written informed consent was obtained from each participant and the study was approved by the Regional Committee for Medical Research and the Norwegian Data Inspectorate.
The data collection during pregnancy andatbirthincludedself-reportquestionnaires and biological samples from the mother, father, and child. Follow-up afterbirthisongoinganddesignedtobelong term.Uptoage3years,follow-upincluded questionnaires periodically sent to mothersfortheentiresample.Weusedthequality ensured Data Version 5 released by MoBain2010.Includedinthisstudywere 44 220 children born before 2008 for whom the age 3 years questionnaire had been returned by the mother by June 16, 2010 , and processed for inclusion in Data Version 5. All questions used in MoBa can be found online at http://www.fhi.no /moba-en.
Measure of Severe Language Delay
The present analysis of age 3 years outcomes focuses on severe language delay. Although a rare outcome, it has clinicalsignificanceandisassociatedwith a range of neurodevelopmental disorders. 11 In a corollary analysis, we also examined moderate language delay at age 3 years, an outcome that is less readily interpretable, because many children with moderate language delay will later catch up with their peers. 12 On a language grammar rating scale 13 in the age 3 years questionnaire, the mother was asked to choose 1 of 6 categories, ranging from no word production to full sentences with complete grammaticalmarkings.Childrenwhosemothersreportedminimalexpressivelanguage(only 1-word or unintelligible utterances) were rated as having severe language delay. Children who could only produce 2-to 3-word phrases, such as "Me got ball," were rated as having moderate language delay. The remaining children were producing fairly complete sentences, or long andcomplicatedsentences,andwererated ashavingnolanguagedelay.Childrenwith no word production were excluded.
Parental self-report is generally a good measure of early expressive vocabulary, especially for severe language delay. 13, 14 To check whether this applied within our study sample, we used a subsample of 425 children. These children were administered in-depth assessments as part of an ongoingcase-controlstudyofautismspectrum disorders nested within the MoBa cohort, 15 in which screen-positive potentialcasesandcontrolchildrenareassessed shortly after completion of the age 3 years questionnaire.Wecomparedscoresonthe Vineland communication domain 16 with ratingsbasedonmaternalreportintheage 3 years questionnaire. The Vineland, a semistructured interview, was administered by clinicians who were blind to the maternalreports.Thecommunicationdomain evaluates the child's receptive and expressive communication skills.
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Measures of Motor Delay
We examined delay in gross motor skills as a secondary outcome. If prenatal use of folic acid supplements exhibited an association with severe delay in language but not gross motor skills, it would suggest some specificity to the association. The MoBa questionnaire at age 3 years included 2 age-specific questions on attainment of gross motor skills drawn from the Ages and Stages Questionnaires 17 ("Can your child kick a ball by swinging his/her legforwardwithoutholdingontoanything for support?" and "Can your child catch a large ball with both hands?"). Mothers could respond yes, sometimes, or not yet. Children were rated as having significant delay in gross motor skills if the mother reported that they had "not yet" attained either of these gross motor skills.
To provide a broader picture of neurodevelopment in the children with severe language delay, we also examined 6 questions at age 18 months and 4 questions at age 3 years that pertained to motor development. We compared children with severe language delay, moderate language delay, and no language delay with respect to the proportion whose mothers reported that they had "not yet" attained each motor skill.
Measure of Folic Acid Use
The women received a questionnaire in week 17 of pregnancy with detailed questions about use of vitamins, minerals, and other dietary supplements in 4-week time windows from before conception. They were asked to record use according to the ingredient list on the supplement container. Previous studies have described use of folic acid and other dietary supplements in this cohort. 18, 19 Becauseearlygestationisasensitiveperiod for some mechanisms by which folicacidmightaffectneurodevelopment, 20, 21 we focused on folic acid supplements in early rather than late gestation. We could not, however, precisely demarcate the relevant window of exposure. Therefore, we first tested the a priori hypothesis that folic acid supplement use from 4 weeks before to 8 weeks after conception would be associated with reduced risk of severe language delay in children, and then exploredtheotherwindowsofexposure.We defined 4 mutually exclusive categories of dietary supplement use within the period from 4 weeks before to 8 weeks after conception: (1) no use of dietary supplements; (2) other supplements, but no folic acid; (3) folic acid only; and (4) folic acid in combination with other supplements. No use of dietary supplements was chosen as the reference group, because comparisons to this group would be most readily interpretable and would be relatively precise due to its large size. A potential disadvantage of choosing this reference group is that women who did notuseanysupplementsbeforegestational week 8 might differ on unknown confounders from women in other groups.
In some of our exploratory analyses, due to small numbers in these 4 exposure groups, we collapsed the 4 categories described above into no use of folic acid (combines 1 and 2 above) and use of folic acid (combines 3 and 4 above). This was done in our analysis of the relevant period of exposure and in stratified analyses conducted within each level of maternal education.
Potential Confounders
We considered numerous factors that might be associated with use of folic acid supplements and with severe language delay in the child. As shown in whether the pregnancy was planned, maternal smoking in pregnancy, alcohol use in the first trimester, prepregnancy body mass index (BMI, calculated as weight in kilograms divided by height in meters squared), parity, maternal height in meters, marital status, and breastfeeding at 6 months.
Statistical Analyses
The study was adequately powered to detect moderate or large differences in the risk of severe language delay at age 3 years between children unexposed and exposed to maternal use of folic acid. We had good estimates of the frequencies of exposure and outcome from data collected in the early years of the MoBa study. With type I error set at ␣ = .05 (2-sided), we computed the sample size that would be required to detect a range of odds ratios (ORs) with 70%, 80%, or 90% power. For the purpose of illustration, using the frequencies actually observed in the present study (60% for use of folic acid supplements and 0.5% for language delay), which are similar to estimates based on previous data, a sample size of 30 000 would be required to detect an OR of 0.5 with 90% power. We reported the results of 2-sided 2 tests for independence between exposure and potential confounders (Table 1) and between outcome and potential confounders (eTable 1, available at http: //www.jama.com) analyzed using SPSS version 17.0 (SPSS Inc, Chicago, Illinois). Relative risks for severe language delay were approximated by estimating ORs with 95% CIs using logistic regression models. We used generalized estimating equations, with logit link function and exchangeable correlation, to correct for possible correlations between siblings (Ͼ1 pregnancy per participating woman). STATA version 9.0 (StataCorp, College Station, Texas) was used for fitting the regression models. To assess the stability of the association between folate and severe language delay in our main analysis, we also applied 5 alternative analytical approaches.
RESULTS
Age 3 years questionnaires were returned by the mother for 44 220 children (61%). For our primary analyses, to isolate folic acid supplement exposure from other factors, we excluded twins and triplets (n=1809), children born before gestational week 32 (n = 1847), children with birth weight of less than 2.5 kg (n=2217), and children reported by their mothers to have hearing problems (n = 1561), resulting in 4950 children (some children were included in more than 1 category We first examined the relationship between severe language delay in children at age 3 years and maternal use of dietary supplements in the period 4 weeks before to 8 weeks after conception. Among the potential confounders, maternal education was most strongly associated with both exposure (Table 1 ) and outcome (eTable 1). Parity, BMI, and marital status also had notable associations with both no use of dietary supplements and severe language delay. We therefore present results unadjusted and adjusted for maternal education, parity, maternal BMI, and marital status (TABLE 2). Missing data were excluded list-wise in these analyses, because there were few miss- ing data (862 missing maternal education, 935 missing maternal BMI, 915 missing marital status, and 0 missing parity). Compared with the group with no use of dietary supplements, the adjusted ORs were 1.04 (95% CI, 0.62-1.74) for other supplements, but no folic acid; 0.55 (95% CI, 0.35-0.86) for folic acid only; and 0.55 (95% CI, 0.39-0.78) for folic acid in combination with other supplements. These ORs were similar for boys and girls examined separately (the number of girls was small and the CI wide) (eTable 2). Table 2 shows the results of our exploratory analysis of the relevant period of exposure for severe language delay. Of the women who did not use any supplements in the period 4 weeks before to 8 weeks after conception, 39.1% had started doing so by week 13 to week 17 of pregnancy. Compared with women who did not use any folic acid supplement up to week 17, the risk of severe language delay was lower in children of women who initiated folic acid supplement use in any period before week 8. It was not lower in children of women who initiated use after week 8; we caution that this null result was based on a smaller number of women.
We verified that the main results (Table 2 ) did not change under 5 alternative analytic approaches: (1) adjusting for all potential confounders (eTable 3A); (2) including specific categories for missing data in this fully adjusted model (eTable 3B); (3) using other supplements, but no folic acid as the reference group (eTable 4); (4) including children born before gestational week 32, with birth weight of less than 2.5 kg, and/or with hearing problems (eTable 5); or (5) including children with no word production in the severe language delay group (eTable 6). We also confirmed that the association between exposure and outcome was in the same direction within each level of maternal education (eTable 7). We addressed the potential for selection bias to influence our results by examining whether there was a synergistic effect of maternal use of folic acid and maternal education on the probability of mothers returning the age 3 years questionnaire; no synergistic effect was found (eTable 8).
We conducted a corollary analysis of the relationship between maternal use of dietary supplements and moderate language delay in children at age 3 years a Excluding moderate language delay (n=1290). b Adjusted for maternal education, maternal body mass index, parity, and marital status. Moderate language delay (n=1290) and missing confounder data (n=2529) excluded from analysis. c The 4 exposure categories in supplement use collapsed into "no/yes," with "no" indicating no use of folic acid (no supplements and other supplements, no folic acid) and "yes" indicating use of folic acid (folic acid only and folic acid plus other supplements). No use of folic acid in the period 4 weeks before to 17 weeks after conception is the reference group of use of folic acid in 5 intervals, with weeks −4 to 17 defining the 5 exposed groups. We compared maternal report of language development in the age 3 years questionnaire with scores on the Vineland communication domain 16 for 425 children observed clinically as part of a substudy of MoBa. 15 Maternal report and Vineland scores were highly consistent with each other (eFigure).
To assess the specificity of our findings, we analyzed the association between maternal use of dietary supplements and significant delay in gross motor skills at age 3 years. There were 932 children (2.5%) with significant delay in gross motor skills (196 in the nosupplement group, 65 in the no-folic acid supplement group, 163 in the folic acid only group, and 508 in the folic acid plus other supplements group). No association was suggested between maternal intake of folic acid and significant delay in gross motor skills. In a logistic regression analysis adjusted for all potential confounders, we verified that there was no association (eTable 9).
The data on motor development were also used to further characterize the children with severe language delay. A higher proportion of children with severe language delay had not yet attained each of 6 motor skills at 18 months and each of 4 motor skills at age 3 years (TABLE 4). For most children with severe language delay, however, the number of these 10 motor skills that was attained at the specified age were within the normal range (mean [SD], 8.6 [1.3] for no language delay; 7.7 [1.7] for moderate language delay; and 6.5 [2.7] for severe language delay).
COMMENT
Maternal use of supplements containing folic acid within the period from 4 weeks before to 8 weeks after conception was associated with a substantially reduced risk of severe language delay in children at age 3 years. We found no association, however, between maternal use of folic acid supplements and significant delay in gross motor skills at age 3 years. The specificity provides some reassurance that there is not confounding by an unmeasured factor. Such a factor might be expected to relate to both language and motor delay.
To our knowledge, no previous prospective observational study has examined the relation of prenatal folic acid supplements to severe language delay in children. A recent case-control study, 22 based on maternal recall of supplement use several years later, found that use of folic acid supplements in early pregnancy was associated with a reduced risk of autism spectrum disorder. In addition, some prospective studies have reported that folic acid supplementation started before 12 weeks after conception was associated with fewer child cognitive or behavioral difficulties, [23] [24] [25] [26] but these studies were too small to examine severe language delay as an outcome. Although it is a rare condition, severe language delay (as defined herein) has profound social and clinical significance. In childhood, it is associated with intellectual disability, neurodevelopmental disorders such as autism, and difficulty achieving literacy.
27 Follow-up studies suggest that, even when there is not an associated intellectual disability, impairment tends to persist into adulthood and is associated with poor literacy.
27
A major strength of our study was the prospective design, in which pregnant women were followed up from week 17 of pregnancy. Women responded to detailed questions regarding dietary supplement use over 4-week periods, referring to the ingredient lists on the supplement containers. The precision of these data and the large sample size made it possible to differentiate associations with folic acid from associations with other supplements. We achieved this by using 4 mutually ex- clusive categories of exposure to prenatal supplements, while retaining adequate statistical power to study a rare outcome.
Another strength of our study was that it was conducted in a country, Norway, that does not fortify food with folic acid. In this population, folic acid supplements eclipse dietary sources of folate. 18, 28, 29 A previous study of a subsample of 2934 randomly drawn pregnancies in the MoBa cohort found a strong correlation between maternal report of folic acid use up to week 17 and plasma folate levels at week 17 of pregnancy. 28 Because randomized trials that involve withholding usual-care folic acid supplementation are no longer ethical, observational studies must be relied on to examine the implications for child health. Concerns about adverse effects of folic acid supplements on other domains of child 30 and adult 31 health magnify the public health implications. For example, studies have suggested, but not proven, that folic acid supplements may be linked to asthma and atopy in children. 32 The results from this observational study, on the other hand, are strongly suggestive of beneficial effects on child health, but we caution that this study alone is not a sufficient basis for causal inference or policy recommendations.
One central concern is that observational studies of dietary supplements are vulnerable to confounding by behaviors related to health consciousness and socioeconomic circumstances. 33 For several reasons, however, we believe it is unlikely that such confounding explains our main results. First, with respect to prenatal folic acid supplements, prospective observational studies 5 were successful in identifying their relationship to neural tube defects, later validated in randomized controlled trials.
1,2 Perhaps supplement use is more likely to be accurately reported in the health-conscious context of early pregnancy and with a short period of recall required. Second, the magnitude of the association was large, even after adjustment for wellmeasured potential confounders. Third, the pattern of our results argues against confounding. Exposure to supplements not containing folic acid was not associated with the risk of severe language delay in children. Exposure to folic acid in combination with other supplements (eg, omega-3 fatty acids) showed the same association with severe language delay as exposure to folic acid supplements alone. Moreover, women in 2 of the exposure categories, other supplements, but no folic acid and folic acid only, did not differ appreciably in maternal education levels; however, their children did differ in the risk of language delay. In addition, we found an association for folic acid among women who started these supplements in weeks 5 to 8 after conception. This is not a particularly health-conscious behavior, because folic acid supplements must be taken before week 4 after conception to prevent neural tube defects.
Another central concern is selection bias. To examine the potential for selection bias related to participation in MoBa, we had previously compared 8 exposure-outcome associations in this cohort with the associations in the Medical Birth Registry of Norway and found no evidence of selection bias. 28, 34 In this study, we explored the potential for selection bias related to return of the age 3 years questionnaire. Maternal education and folic acid use were associated with the probability of returning the questionnaire, but these associations were found to be independent rather than synergistic, limiting the potential for any resulting selection bias.
In some corollary analyses, the associations we observed were suggestive but not definitive. These results serve to sharpen the challenges for future research. With respect to the relevant period of exposure, the results conform with our a priori hypothesis that folic acid supplements up to week 8 would most likely be associated with a reduced risk of severe language delay. The women who started folic acid supplements after 8 weeks, however, were small in number and not readily comparable with women who started earlier. With respect to a broader spectrum of language delay, we found a statistically robust association with moderate language delay, but it was of a smaller magnitude than for severe language delay. Children with moderate language delay at age 3 years are somewhat heterogeneous, in that a significant number of them will catch up with their peers by age 5 years. 12 One possibility is that a stronger association will be found when the age 5 years MoBa data are available, by excluding children who simply had a different pace of development and had caught up by age 5 years.
In addition, the data available thus far do not permit us to investigate the mechanisms by which folic acid supplements might have a protective effect. The archived biological specimens of the MoBa cohort provide a platform, however, for future research to interrogate genetic, epigenetic, and/or other mechanisms. 35 One intriguing possibility, supported by some animal data, 36 is that folic acid supplements may facilitate reversal or compensation of the epigenetic effects of other early prenatal exposures that disrupt neurodevelopment. Similarly, as suggested by findings on neural tube defects, folic acid may help compensate for genetic variants that confer vulnerability. 37 In summary, in this large prospective pregnancy cohort in Norway, use of folic acid supplements in the period 4 weeks before to 8 weeks after conception was associated with a reduced risk of the child having severe language delay at age 3 years. If in future research this relationship were shown to be causal, it would have important implications for understanding the biological processes underlying disrupted neurodevelopment, for the prevention of neurodevelopmental disorders, and for policies of folic acid supplementation for women of reproductive age.
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